Abstract-Very high rate packet data systems such as those based on wideband spread-spectrum (SS) signaling face an important challenge -achieving fast and reliable acquisition to minimize preamble overhead and optimize packet throughput. Such wideband modulation schemes undergo frequency selective fading, implying a very large number of resolved multipath components. Thus, the conventional analyses of serial search acquisition schemes based on simplifying assumptions that are valid in narrow(er) band systems (and are invalid for sufficiently wideband systems) need to be revamped. Also, there is a need to devise new schemes that exploit the presence of multipath components for faster acquisition over simple serial search. Our work provides novel contributions in both these aspects: we analyze serial and random search acquisition schemes and compare their performances in several multipath environments. It is shown that over many typical indoor channels, random search offers significantly lower mean acquisition times.
I. INTRODUCTION

C
ODE synchronization in direct-sequence spread spectrum systems is the process of aligning the receiver's locally generated code with that in the received signal. Successful code synchronization is fundamental to a successful spread spectrum receiver since it precedes despreading and demodulation. Code synchronization is typically done in two stages: code acquisition for coarse alignment and code tracking for fine synchronization; the former is the focus of this paper.
In packet based wireless systems, code synchronization is done on a per packet basis, typically requiring a known preamble within the packet header for synchronization purposes. As packet based systems strive to achieve very high data throughput, the preamble should be kept as small as possible to minimize overhead, i.e. the need is to achieve fast acquisition/synchronization. The problem is compounded by the severe multipath environments that these high data rate systems typically operate in. In fact, reducing the (mean) acquisition time while maintaining the reliability of acquisition/synchronization in multipath is probably the single most significant challenge in high data rate SS system design. Initial development and analysis of acquisition schemes ( [1] and [2] , for example) were conducted for the case where there exists only one resolvable path and consequently only one H 1 (in-phase or target present) cell. Subsequent work has focussed on the effect of the presence of multiple H 1 cells. For example, [3] investigates mean acquisition time (MAT) of serial search for the case when the search starts outside the H 1 cells. In [4] , the multiple H 1 cells are replaced with a single H 1 cell with an equivalent P D . These assumptions and the resulting analyses are valid when the number of H 1 cells, L is much smaller than the total number of cells, q that an acquisition receiver has to test, characteristic of DS-SS systems using long PN codes. In [5] , serial search was analyzed for an L-path case but with the assumption of equal powers. To the author's knowledge, there does not exist a comprehensive analysis of the serial search scheme in general multipath scenarios without simplifying assumptions. Such an analysis would be important when either short codes are employed or when the number of multipath components are very large due to the fine resolution of the signals used, i.e., L << q is not necessarily valid, and constitutes a notable contribution of our work.
Further, serial search is best suited for dense channels, i.e. where a multipath arrival is present at every tap in a delay line representation of the equivalent discrete channel. However, several indoor channels exhibit a certain sparseness since the multipath arrivals occur in clusters. The channel model adopted by the IEEE 802.15.3a for UWB propagation [6] , [7] , for example, uses two Poisson distributions to characterize multipath arrivals. This inherent randomness in multipath arrivals has prompted considerable interest in random search as a possible scheme for faster acquisition. To the authors' knowledge, random search acquisition has not been analyzed in the literature with the exception of [8] , where only the 'ideal' case of zero false alarm probability and unity detection probability is considered. We conduct an analysis of random search leading to the derivation of a compact formula for the MAT.
An accompanying motivation for our work is provided by the recent upsurge of interest in ultra-wideband systems [9] , [10] , [11] which are characterized by bandwidths in excess of 500 MHz resulting from the use of appropriately shaped, ultra-thin pulses for transmission. The resulting fine time resolution leads to a large number of significant multipath components. Hence, we have chosen ultra-wideband channel models adopted by 802.15.3a standards group in addition to the conventional wideband channel models for evaluation of acquisition schemes and performance comparisons.
In summary, the main contributions are: (a) accurate analy- sis of serial and random searches over general wideband multipath channel models, and (b) performance comparison of serial and random searches in wideband channels and 802.15.3a channels. As a further contribution, we consider a non-consecutive search scheme presented in [12] and compare its performance with serial and random searches in conventional wideband channel models. It is worth mentioning that while the analytical approach developed for serial search is not applicable to the 802. 15 .3a channel models (in which the assumption of multipath arrival at every channel tap made in the analysis does not hold), the random search analysis makes no assumption about the channel model and can be applied to all channel models.
II. SYSTEM DESCRIPTION
A. Signal model
For packetized data transmission with conventional DS-SS modulation with short spreading codes, each bit is sent by a length N c PN sequence of ±1 binary chips that are periodically repeated in each bit interval. However, during the preamble-assisted acquisition phase, it is assumed that an unmodulated PN sequence is transmitted, i.e.,
where {c k } is the pseudo-random code sequence and the energy in the pulse p(t) is normalized to unity (hence, E c is the transmitted energy per chip). For the specific case of UWB modulation based on direct sequence spread spectrum (DS-UWB) as embodied in a proposal before the IEEE 802.15.3a standard body [13] , an appropriately shaped baseband pulse shape is used. We use the 2 nd derivative of a Gaussian pulse [8] in contrast to raised cosine pulses used in [13] primarily for the known analytical benefits.
The parameter t n in (2) determines the effective time width of the pulse T p and hence its bandwidth. The pulse p(t) and its frequency spectrum are shown in Fig. 1 for t n = 0.125 ns. The effective time duration of the pulse for this value of t n is T p ≈ 1 ns and the 10-dB bandwidth is approximately 4 GHz. The chip duration has been assumed to be equal to the pulse duration, i.e. T c = T p . Note that there is no explicit upconversion (carrier modulation) stage at the transmitter, and hence DS-UWB modulation can be simply treated as an equivalent baseband signal. Gaussian shaped pulses have the flexibility of spectral shaping (to meet the FCC specified mask, for example) by appropriate choices of the derivative order and pulse parameters. In traditional wideband DS-SS, bandwidth scaling is achieved primarily via reducing the chip duration and the effect of the pulse shape is largely secondary. In UWB systems however, pulse shaping significantly affects the system bandwidth. In whichever manner bandwidth scaling is achieved, the objective of this paper is to investigate the effect of such wide bandwidths on the acquisiion performance. It is worth mentioning that the particular choice of the pulse shape changes only the signal bandwidth and hence the multipath resolution, but does not affect the analysis carried out in this paper.
B. Channel models
We consider two different wideband channel models -the first is the conventional channel model based on an L-tap delay line with a multipath component at each delay and the second is that adopted by the IEEE 802.15.3a task group based on the Saleh-Valenzuela model.
1) Conventional tapped delay line model:
In a timeinvariant multipath channel, the received signal is given by
where h(t) is the impulse response of the channel and n(t) is a zero mean additive white Gaussian noise process with a power spectral density of N 0 . The wideband channel can be represented by a tapped delay-line model with the spacing of a minimum multipath resolution t s , that is determined by the bandwidth of the system. For convenience, we set t s = T p /M , where T p is the pulse duration and M is a positive integer.
where L denotes the number of resolvable paths. In our analysis, we assume an exponentially decaying multipath intensity profile (E[α 2 l ] versus the lag l) with a decay factor of η; this was assumed as the model for indoor channels in the 2.45 GHz ISM band by the standards group for IEEE 802.11b Wireless LANs. When the total power in all the resolvable paths is normalized to unity, the (average) power in the l-th path is expressed as
In wideband channels as in UWB, the number of unresolved multipath components per tap are expected to be limited due to the fine time-resolution. Therefore the Rayleigh distribution, widely used for narrowband systems, is not a suitable model for the tap weight distribution; instead, independent lognormal distributions has been found to be a good fit from some experimental wideband channel measurements [6] . Further, it is important to note that the channel coefficients are assumed real and not complex since we assume that the wideband transmission is a baseband signal [7] (there is no explicit frequency upconversion/downconversion as in conventional narrowband systems).
2) IEEE 802.15.3a channel model: Many indoor channels display a certain 'sparseness' when modelled as a delay linethe component multipaths are typically clustered. The model adopted by the IEEE 802.15.3a for UWB propagation in 3-10 GHz band [6] is a (frequency selective) delay line based on the celebrated Saleh-Valenzuela (S-V) model [14] . This is characterized by two Poisson distributions for the arrival times -one for the delay of the first path of each cluster T l with a mean (cluster) arrival rate of Λ; the second for the paths within each cluster τ k,l with a mean (path) arrival rate of λ. The distributions of the cluster and path arrival times are thus given by
£ (6) Therefore, the multipath channel has the following discrete time impulse response.
where β k,l are the real multipath gain coefficients corresponding to a baseband model. The multipath intensity profile is defined by a double exponential decay model
where Ω 0 is the mean power of the first path of the first cluster and Γ and γ are the cluster and path decay factors respectively. The amplitudes are assumed to be independent log-normal distributions.
C. Structures of the acquisition receivers
We consider four different acquisition receiver structures in this work. The first three -serial search, random search and non-consecutive search with cell-by-cell detection -can be represented by the basic structure shown in Fig. 2 , each differing only in the search logic employed, while the fourth, the non-consecutive search receiver with joint twin-cell detection receiver is depicted in Fig. 3 .
1) Serial search acquisition receiver:
The conventional method used to synchronize the received signal with the receiver's local code is the serial search scheme using the sliding correlator [15] . The receiver works by shifting the local code progressively in steps of size t s equal to the multipath resolution. At every shift position (also called a cell), a decision variable is formed by correlating the local code with the received code over a correlator dwell time, which in our case has been assumed to be one full period of the PN code, i.e. τ D = N c T c seconds. The decision variable is then compared with a decision threshold T h . If the decision variable exceeds the threshold, the corresponding cell is tentatively declared to be an in-phase or H 1 cell (signal present) and the system goes into a verification mode. The result of the verification stage may be a confirmation of the H 1 cell, in which case acquisition is declared to have been achieved and the search terminated; alternatively, a false alarm is detected, in which case the search resumes after a fixed penalty time of Jτ D seconds. If the threshold is not exceeded, the corresponding cell is declared to be an out-ofphase cell (H 0 cell) and the receiver proceeds to test the next code shift. The process is repeated until acquisition which is defined as the state when the receiver locks on to one of the H 1 cells to within a step size ambiguity. The number of cells in an uncertainty region of N c T c seconds is thus
2) Random search acquisition receiver: The random search receiver is very similar to the serial search receiver except that the search logic is to shift the phase of the local code by a random multiple of t s chosen between 0 and (q − 1). The receiver continues to run with random jumps in local code phase at each step until acquisition is achieved. The observation that the MAT for random search may be significantly lower as compared to serial search in some profiles when the number of multipath components is large provides a compelling case to study the random search receiver.
3) Non-consecutive search acquisition receiver with cellby-cell detection (NCS-CC):
The non-consecutive search scheme was proposed in [12] , where the scheme has been applied and analyzed for the acquisition of conventional DS-SS signals. In order to exploit the presence of multiple H 1 cells, the search logic is modified such that the correlator step size is L t s durations, where L denotes the number of resolvable paths assumed known to the receiver. In the conventional tapped delay-line model with a multipath component at every tap position, the NCS scheme ensures that the H 1 cells are uniformly distributed in the uncertainty region. This reduces the mean time to reach a H 1 cell from an initial cell. An additional phase adjustment by one t s duration is required in the search logic after every N c T c /Lt s = N c M/L steps to avoid testing the same cells over again in the next cycle and ensure that all the cells in the uncertainty region are searched.
4) Non-consecutive Search Acquisition Receiver with Joint Twin-Cell Detection (NCS-TC):
In wideband systems, the received signal energy is spread among many multipath components. It seems reasonable then to expect that a search scheme that utilizes energy over multiple paths would perform better than the one that does not, i.e. bases it's decision only on isolated cells. A joint twin-cell detection scheme has been proposed in [3] , where the decision variable is formed by combining detector outputs corresponding to two successive cells; clearly the price is increased hardware cost due to the need for a pair of correlators. To avoid the problem of correlation between successive decision variables, we implement the joint twin-cell scheme with non-consecutive search as suggested in [12] , where a joint triple-cell detection scheme is employed. The structure of the acquisition receiver employing NCS-TC is shown in Fig. 3 . The receiver consists of a pair of correlators that are supplied by the same code generator; one of the inputs is however is delayed with respect to the other by one step size t s . The outputs of the two correlators, y 1 and y 2 are then added non-coherently with equal weights to form the decision variable y. If the two cells being combined are H 1 cells, the combined output y has a higher energy than that obtained using just one correlator.
III. PERFORMANCE ANALYSIS
In this section, we analyze the serial and random search acquisition schemes and derive expressions for their MATs. Specifically the acquisition analysis in Sections III-B and III-D and the expressions for MAT derived therein are new to the best of our knowledge.
A. Probabilities of detection and false alarm
Owing to the presence of L multipaths the uncertainty region consists of L H 1 cells and (q − L) H 0 cells. In the presence of AWGN with power spectral density N 0 , the output y of the correlator in the receiver structure of Fig. 2 in a H 0 cell is a zero-mean Gaussian random variable with a variance of N c N 0 . If we introduce a normalized threshold Υ th related to T h via T h = Υ th N c √ E c , the probability of false alarm is given by
Υ th (9) On the other hand, in the l th H 1 cell, the output of the correlator is Gaussian with variance N c N 0 as before, while its mean N c α l √ E c depends on the path amplitude α l . Therefore, the conditional probability of detecting the l th H 1 cell given the l th path amplitude is
The false alarm and detection probabilities for the twin-cell scheme depicted in Fig. 3 are different and are shown in section III-F
B. Serial Search in conventional multipath channels
Traditional analyses of acquisition using serial search in conventional wideband multipath channels have made simplifying assumptions, namely that the number of multipath components is much smaller than the total number of cells that the acquisition receiver has to test [3] , [4] or that the paths have equal powers [5] . In the following, a complete analysis of serial search acquisition is presented without the above assumptions by invoking the transfer function approach for the acquisition time variable. We separately compute the transfer function starting from a H 0 and a (H 1 ) cell to the final acquisition state denoted by ACQ. The relevant state diagram is shown in Fig 4. (i) Given that the search starts in a H 0 cell that is i cells to the left of the first H 1 cell, the transfer function of the delay in reaching the ACQ state is given by
where,
and H M (z) are the transfer functions for exiting a H 0 cell, absorption into the ACQ state starting from the first H 1 cell before encountering a H 0 cell and a total miss in any round, respectively.
(ii) Given that the initial cell is the i th H 1 cell, the transfer function to reach the ACQ state is
where H Dr (z) and H Mr (z) are the transfer functions denoting absorption into the ACQ state starting from the i th H 1 cell before encountering a H 0 cell and missing the H 1 cells numbered i through L, respectively.
Since each cell has a uniform probability of 1/q of being the starting cell, the overall transfer function of the serial search is given by
The mean acquisition time can then be obtained bȳ
which (after some algebra) is given by
where, T acq0 and T acq1 are the mean number of steps that would be taken to get to the ACQ state if the search were to commence from a H 0 cell or a H 1 cell respectively and are shown on the bottom of this page. In (16), T D is the mean number of steps to reach the ACQ state starting from the first H 1 cell given that the search doesn't encounter a H 0 cell and P M is the probability of total miss and are given by
Equation T acq1 is essentially the formula derived in [3] where it is assumed that the search starts outside the H 1 cells. When P Dj = P D for all j, the formula for T acq simplifies to the one derived in [5] where it is assumed that all the paths have equal powers. At high signal-to-noise ratios when P F A → 0 and P Di → 1 ∀ i, the process takes one integration period to reach the ACQ state if the search falls in any of the H 1 cells and (i+1) integration durations if it falls in a H 0 cell
that is i cells removed from the nearest H 1 cell. Therefore, T acq reduces to (18), which is the same as that derived in [8] .
C. Serial Search in IEEE 802.15.3a multipath channels
In contrast to the conventional wideband channel models, the UWB channel models as prescribed by the IEEE 802.15.3a do not necessarily have multipath arrivals at every tap location of the delay line. Thus, the analysis of serial search in UWB channels requires not only the knowledge of the number of multipath components and their P D 's, but the relative locations of all the paths for each channel realization. This implies the need for a realization dependant state diagram and resultant MAT that must be averaged; owing to this complexity we resorted to simulations to determine the mean acquisition times of serial search in UWB channels.
D. Random Search for conventional wideband and UWB channels
In the following we develop an analysis of random search acquisition that makes no assumption about the multipath arrivals and thus can be applied to both conventional wideband channel models as well as the IEEE 802.15.3a models.
In random search, since the H 1 cells are dispersed randomly among the H 0 cells, the overall transfer function can be derived by noting that when the process is in a H 0 cell, it has a 1 − L/q probability of transitioning to a H 0 cell in the next step and a 1/q probability of transitioning to each of the L H 1 cells. Therefore, the transfer function for exiting an H 0 cell is given by
where H i (z) is the transfer function for exiting the i th H 1 cell. On the other hand, when the search is in the i th H 1 cell, it could move to the ACQ state with a probability of P Di , to a H 0 cell with a probability of (1 − P Di ) (1 − L/q) and to each of the remaining H 1 cells with a probability of (1 − P Di ) (1/q). Therefore the transfer function from the i th H 1 cell is given by
The H i (z)'s and H 0 (z) can be obtained by simultaneously solving the L+1 equations obtained from (19) and (20). Since the search has a 1 − L/q probability of starting in a H 0 cell and a 1/q probability of starting in each of the H 1 cells, the effective transfer function to reach the ACQ state is given by
The MAT is again calculated using (14) . For random search, the formula for the mean acquisition can be shown to be given by the closed form
Alternatively, the expression for MAT can be derived purely from probabilistic arguments. Since the search is memoryless, the probability of acquisition p acq at any step is the probability of hitting one of the H 1 cells and detecting it.
The number of steps until successful acquisition is thus geometrically distributed with parameter p acq . If C (n) f is the time delay incurred by n unsuccessful steps, then the MAT can be determined from
To calculate C
f , we note that given that there have been n unsuccessful attempts, the number of times a H 0 cell has been visited follows a binomial distribution with probability
Therefore the time delay incurred due to n unsuccessful steps is obtained by averaging over i, the number of times H 0 cells are visited.
Substituting (23), (25) and (26) in (24), the MAT is obtained as
In random search at high signal-to-noise ratio values, the probability of acquisition is just the probability that the search lands in one of the H 1 cells, which is L/q. The number of jumps to get to a H 1 cell follows a geometric distribution with a mean of q/L. Therefore the MAT at high signal-tonoise ratios isT
which is the same as predicted by (27) for
E. Non-consecutive Search with cell-by-cell detection in conventional multipath channels
The non-consecutive search was proposed by Shin and Lee in [12] , where a complete analysis is presented based on the state diagram and the formula for MAT derived. The acquisition scheme described therein involves a verification stage and the expression for the MAT has some minor typographical errors. We re-derived the formula for the case of no verification stage and corrected the typographical errors in the expression forT acq , which is shown on the bottom of this page.
In (29),
In the above expressions,
F. Non-consecutive Search with joint twin-cell detection in conventional multipath channels
The analysis of NCS-TC is the same as that of NCS-CC except that the false alarm and detection probabilities are modified due to the combining of the cells. When the two cells combined are H 0 cells, the decision variable y has a Rayleigh distribution since y 1 and y 2 themselves are zero mean Gaussian random variables with variance N c N 0 . However, it is possible that the present cell is a H 0 cell and the previous cell is a H 1 cell. When this happens, the H 1 cell is the last multipath component, which has a small signal energy component when the exponential profile is assumed. Further this H 1 − H 0 cell combination, which could lead to a false alarm, happens only once in L cycles while the H 0 − H 0 combination happens (q/L − 1) times every cycle. Therefore, the effect of H 1 − H 0 cell combination can be neglected in typically decaying profiles and the probability of false alarm is essentially given by
However, when the cells being combined are H 1 cells, the decision variable has a Ricean distribution since y 1 and y 2 are non-zero mean Gaussian random variables. Therefore, the probabilities of detection are given by [16]
where Q 1 (a, b) is the Marcum-Q function and λ 2 l is the noncentrality parameter.
IV. SIMULATIONS
We simulated both the conventional wideband channel model and the IEEE 802.15.3a channel model to evaluate and compare the performances of the search schemes described in the foregoing sections. For each channel realization, knowing the channel gains, the analytical results were obtained by first calculating the probabilities of detection and false alarm from the equations shown in Sections III-A and III-F and subsequently using these probabilities in the MAT formulas derived. For the simulation results, the probabilities were first simulated and were subsequently used in the MAT simulations. In either case, the MATs were averaged over 100 channel realizations.
For our simulations we used a UWB pulse of width 1 ns and a PN code of length 128. Considering the bandwidth of this pulse (4 GHz), the multipath resolution t s was taken to be 0.25 ns, i. e. M = 4. The total number of cells in the uncertainty region is thus q = 512. Threshold setting was based on constant false alarm rate (CFAR) with P F A = 10 −4 . Fig. 5 shows the results of the simulations using the conventional wideband channel model with exponential (η = 0.25) and uniform (η = 0) power delay profiles for delay spreads of 16 ns (L = 64) and 32 ns (L = 128). Comparing (a) and (b) for L = 64 and (c) and (d) for L = 128, it is evident that random search is the preferred strategy over serial search when the multipath profile is uniform. In the uniform PDP case, while the performance of random search is the same as serial search at lower SNRs, it clearly outperforms the latter at higher SNRs. On the other hand, when the profile is exponential, serial search performs marginally better than random search at lower SNRs, but the latter quickly takes over as the SNR increases. The reason is that while random search has the advantage of being able to reach a H 1 cell faster on average when the number of paths is large, the advantage of serial search is that it encounters paths with higher probabilities of detection earlier (relative to those with lower detection probabilities) when the profile is exponential. However, serial search does not enjoy its advantage when the profile is uniform and it's performance is always worse than random search. In exponential PDP conditions, the natural advantage of random search outweighs that of serial search only beyond a certain SNR. Further, as the number of paths increases, the mean number of steps required to reach a H 1 cell decreases faster for random search than for serial search. In summary, random search gives the most benefit when the multipath profile is uniform and the number of multipath components is large.
A. Conventional wideband multpath channel model
The NCS scheme, owing to its step size, reduces the number of steps to reach a H 1 cell compared to the conventional serial search. However, at low SNR values, when the detection probabilities are low, this benefit is not apparent and so the performance improvement provided by NCS is not very significant. At high SNR values, since the P D values are high, the time required to get to the H 1 cells is the factor limiting MAT performance and thus the NCS scheme provides far better performance than serial search. In fact, at sufficiently high values of SNR, the acquisition times obtained by using the non-consecutive search can be up to L times lower than those obtained using serial search. Like random search, the NCS scheme also gives the most benefit when the multipath profile is uniform.
The problem of small improvements in performance at low SNR values is addressed by the NCS-TC scheme. The use of equal gain combining improves the probability of detection and consequently there is a noticeable improvement in performance at low SNR values. The MAT curve could be shifted further to the left by using more than two correlators indicating a design trade-off between hardware complexity and performance. Moreover, beyond a certain point, the number of correlators results in diminishing returns, particularly if the channel intensity profile is exponential in nature. 
B. UWB channel models
The NCS-CC and the NCS-TC acquisition schemes are designed to exploit the presence of L contiguous multipath components by having a step size L times larger than serial search. The IEEE 801.15.3a model however does not assume presence of multipath components at contiguous tap locations. Hence the non-consecutive schemes cannot be applied to UWB channels. Furthermore, the NCS and the NCS-TC schemes need knowledge of the number of multipath components, which requirement restricts its application. Considering these constraints, we restrict our comparisons in 802. 15 .3a channel models to only the serial and random search schemes.
For our simulations, we considered 100 realizations of channel models 1 through 4 (CM1, CM2, CM3 and CM4) defined by IEEE 802.15.3a [6] with a resolution of 0.25 ns. The results of the simulations are plotted in Fig. 6 , which shows the acquisition times as a function of SNR for the two acquisition schemes -the conventional serial search and random search schemes.
It is clear from the figure that the performance advantage of using random search increases with SNR as is the case with conventional multipath channels and for the same reasons. The most striking observation however is that although the performance of serial search is marginally better at lower SNRs, this difference diminishes as we move to higher channel models which are characterized by more random multipath arrivals and longer delay spreads. In fact, as we move from CM1 to CM4, the performance of serial search approaches that of random search at all SNR values.
The reason for this behavior is that the inherent randomness of the multipath arrivals in the higher channel models of 802.15.3a renders the behavior of serial search to be very similar to random search. Even in CM4, the multipath arrivals are not completely random in that they are still clustered, which explains the little difference in performance between the serial and random searches. As the multipath arrivals become more random, i. e. the H 1 cells become more uniformly dispersed among H 0 cells, the performance of serial search scheme -or any deterministic search scheme for that matterwould become indistinguishable from that of random search. This underscores the broad utility of the random search analysis developed -it can be used as a good model for any deterministic search scheme where the multipath arrivals are 'randomized'.
V. CONCLUSIONS
We have provided an accurate analysis of serial search acquisition by removing the simplifying assumptions invoked for conventional DS-SS systems that are not valid for wideband systems employing short PN codes. We have also derived an expression for the MAT for random search that is applicable in any general multipath channel model. It has been shown that in conventional wideband channel models, the random search provides significant improvement in performances over serial search when the number of multipath components is large and especially when the multipath profile is more uniform. Several indoor channel models like those used in UWB tend to have random multipath arrivals. It has been shown that in such channels, the random search analysis developed can be used to model any deterministic search scheme.
